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(PFabricing 1931), and to sume extent confirtied
yRilopfer 1959), that the young of helesncsting
Wood ducks (oix sponsay are more able (o learn
the anditory characteristics of theie parent earlier
i ontogeny than are s foceenesting Mallard
ducklings (Anas platyehynchos p, the latter heing
tiiore abde tu Jenrn the visunl or visaalglus-andi-
tory configurations of, the parent (Ramsay mul
Hess 19541,

Though the alove studies shed light on the pus-
sible differences in the perceptual Tearning abiti-
ties of holes and growmd-nesting species, they were
comducterl it a time swhen it was believed that
spevies recopnition fn ducklings was primarily 2
function of Tearning Cimprinting) which oceurted
soon after hatching and, therefore, these studies
didd not employ approprinte species-tvpical amli-
tory and visual stimuslation,  After these eardier
studies (cited above) were completed it was found
that imprinting s not requisite to the manifestas
tion of approprinte species jdentification in ddo-
niestic chicks or ducklings when speciesstypieal
maternal auditory and vismal stinudation s em-
ploved  (Gottlieh 196323, Specitically,  young
dotestic chicks and dweklings hanehed in inenba-
tors in the Inboratery can identify o hen of their
own species without the benelit of previots con-
tact witlt her nnd, furthermore, this identification
is maule primarily on the basis of the maternal eali
{Goutlich 1965a, 1906),  Consequentty, the pres-
ent stidy wis desipned 1o re-examine tie guestion
of the relative signiticance of anditory and visuad
perception in relation w species identification i
gronnd- and holenesting ducklings, wtilizing the
speeies-typical  forms  of maternal  stimnlation
within vich sensory modalite,

According to ficld ohservations of wild fiofe.
aud ground-pesting ducks  (Gottlich 19630, it
world appear that auditory stimmlition from the
maternal parent is importang in bath nesting tepes
duringe the formmitive stage of the maternal—uco-
nate bond. - Specifieally, it has been observed that,
in both speeies, vocal intercharge hetween the hen
wnd her young begins before or shortly after
Jtehing mand comtinnes unti! the family leaves the
nest alwt 30 to A8 hours later.  These observa-
tivtis, plus the aforementioned Iaboratory results
with domestic ducks and chicks (Gottlish 1963a,
19661, suggest that auditory perception may he
paramount Juring the early pliase of speciex iden-
tifiction in Loth Wood ducks aed  Mallards,
Thus, the main difference between the two speeies
may be that in hole-nesting Woodd ducklings the
mwtoric ability or tendency has heen developed to

~climb a vertieal surface {inside the nest) to ap-

proach the maternal call npon leaving the nes,

avhile in groundanesting Mallard ducklings such
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an ahility or tndeney lins ot been developed. In
uther words, the degree of dependence on anditury
aiid visual pereeption may e the sume in hoth
sprecivs, but ecological fuctors iy have hrougla
about a seleetfon for the ability to climb o vertieal
sueface in response 0 the materal call in one
speeles (Woos duekt) bt ot the mber {Mal.
lard)y,

In view of the foregoing considerations, the
current experiments were aimed at assessing the
relative importiice of specles-aypleal auditory and
visual stimulation in the developient of species
identilication during the early postnatal phase in
Wood ducklings and Mallard  ducklings, while
wlan exanmining the wemleney of these twa spiecies
w climb w vertieat surface in response o their
respeetive maternal calls,  Based on the rescarch
reviewed abuve, the alternatives Investiguinl were:
(1) thit Waod ducklings rely more on awditory
perception mnd Mallards rely more on visual per-
ception: (2) that hoth species rely more on audis
tory than visual perception; aud (3) that Woend
ducklings are wwore able or inclined than Mallards
te climb a vertical surface i response o the .
terual eall of their species,

INPERIMENT |

The first experiment consisted of three condis
tious, The first condition concerned measurement
of the following-response of both species of duck-
lings when they were exposed to a0 stuifed heg of
their own species which emitted o recording of
the miternal exodus or fending eall (adiovistad
condition). These were vocalizations witered by
Wood ditck and Mallard hens when they eatled
or led their young from the nest in the fiekd (Got.
lieh 1963h), In the secoud coadition the fol-
lowing-response of another sample of Wood and
Mallard ducklings was mweasured in relutivn to
their respective maternal call without the presence
of the stuffed hen (uuditory condition),  And,
finally, the following-response of another suple
of ducklings from cach specivs was measured in
relation to their respeetive stuffed hen without e
presence of the maternal call (visual condition).
Thus, the analysis involved the ducklings' re-
spouse to the andiovisnal, anditory, mnd visial
componensts of a hen of their own speeies. Al
the ducklings  were  incubated,  hatched,
brooded in the laboratory and were isolated from
maternal stimulation until tested in the experi-
mental apparatus,

Metuons

Subjects,  Most of the Mallard vggs were col-
lected from nests at the Dorothen 1Jix Animal
. Bekavior Field Station in Raleigh, North Caro-
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lina, where o population of 40 10 80 free-wing
Mallards has heen maintuined wnder wasscaptive
conditions since 1902, The veiginal stock of wild
Malbirds came from the Delin Waterfowl Re-
search Station in Cannda bn 19601, For compari-
san other Mullavd egps were obtained v o two
pame furms iy Minnesatn amld the U S0 shand
Wilillife  Service, Potuxent Wildlife  Research
Center, Lanrel, Maryland®  Upon testing, so b
havivral ditferences existed between these popnla.
tions. A of the Wood duek egps come from wilid
birds which nest in artifivial nesthoses at the
Dorothen Dis Field Station an a private water-
foswl refuge in Raleiph,  These nesthuxes ste at-
tacheel to pules or trees above ar nenr water,
are of the type widely used thronghout the United
States,  Pletures of the inside al outside of such
artificinl Wood duck nestboses are comtained in
previons pullications {Guttlich 1963, 19055,

Incubation: und - Brooding  Procedures,  “The
cages were incubaed aod lanchied in foreed ddeaft
incubators in the laborators,  The bhackgrowd
noise level i the bwalators was 71 dby Cre 00002
mictobar at 1000 excles b, supplied by o roum air
conditioner mnd a fan in the inenbitor, Upon
hatehing the binds were visually isolated  from
each ather in ¢ browder (80-92°1%) where the
backgronmd noise level was maintained w 0Y-70
dbe by air conditioners,  The inenbmtors  and
brewders were fucated in sowd-atiennated roots,
The fndividual cartons in which the birds were
kept were not entirely light-proof, so cach bird
had somne limited opportmiity 1o see parts of itself
from light leaks in the wp of its carton,  The
hirdts also liud @ limited amount of opportunity to
liear themselves insofar as their own vocalizations
preneteated the backgromnd noise levels of the in-
cubiators i bhrootders,  “The birds were, however,
absolutely shieMed from any direet contact with
nsatertial stimulation prior 1w being tested in the
experimentud apparatus,  Nevertheless, for studies
like the present one, a wethodolugical difficulty
is presented by the faet et auditony ner-
self-stimulntion among sibs enhanees responsive-
iess Lo miternal auditory and vistal st inlation in
domestic ducks (Gottlieh 1966).  “The uuiir justi-
fication for the present approach is that the oppor.
tumity for such preqtesting visual and auditory
stimulative fuctors to influence the results was
apparently equal in the incubation and bhroading
procecure for both species,

Trsting Proccdore,  Within 16 to 30 hours
after hatehing, each hirds was placed in one of
three test sitvations,

. cudiovisual Test. Nineteen Woud ducklings

* James MeGilvrey Kindly collected the Mallard eggs
supplied by the Fawxent Reswearch Center,

SPECESS BECOGRETIGN IN GROUND SESTING DUCKRLINGS 30

]
WwWO00D oucHk

o
-
o
-
]

a A s — W e wh, M - W 0w
ol

" ) o

e
]
MALLARD

L]
3
L]
] o ‘

S = 3 ES
[ S ——

0 1) "

e
s, 1 NurrowsDand Soegrins of the Wowd duck
and Mallard witernal calls wsed in the exgeriments, Kilo.
eycles per see (KU/S ar KElz) i showy on the andinate
mind tine {see) on e abeiss

and 20 Mallard ducklings were iwdividuatly ex-
posed for 20 min in the experimental apparatus
(Cottlieh 1963a, Fig, 1) to a stulfed hen of their
owtt species,  The heos emitted a repetitive re-
cording of the wnternad exodus or leading call of
the species through o speakier it its wlerside,

An audivespectrogram  (Sonagram)  of each
wmaternal call is shown in Figure . Fach ma.
ternad call was recorded jn such & way that it re-
peated itself approximately every three seconds,
The calls were free of backgr wind noises such as
the cheeping of ducklings, “The fuollowing-response
of the ducklings was measured Jdueing o J0-min
exposure to the ealiing wodet as the model moved
aboe w cireular (141t cirewsference)  path at
the rate of one revolution every 58 seeonds, in-
elnding a Jeseeond panse after every 20 seconds of
movement.  The movement and panses of the
nudel were antomatienlly coutrolled, The hack-
groumd noise level in the apparatus, produced by
an air conditioner, was G1-02 b st the paint
where the duckling was placed in the apparatus,
The intensity of the Wood duck maternal call was
62-65 b and the Mallard magernad call was 02-
68 b measured at the ducklings' starting position
G inchies to the rear of the siuffed nuternal replica.
A teaperature of 72-78°F was maintained in the
appairatus,

Each duckling did or did not accwnnlate 2
“following scure” (time in secomds) according to
four eriteria:

A. A following score was caroed if the duckling
was within 12 inches 1o 1he rear or 4 inches w0
the side of the replica, with its head oriented to-

“wand and its body movieg in the same direction -

as the replica,  Scoriig began only after the duck-



N

lings lusl tnken at least 3 steps under these con-
ditions,

B the duekling's emtire body was in front
of the replica, no fullowing seore was aceummlnted,

C o the almkl'ng wirs fulfilling the eriterin for
fullowing prioe W w0 paase of the repdica, the duck-
fing continued to acenmmifate tince for following
during the panse provided it stayved within
inches to the side or rear of the rephea, 1 the
duckling har not been following the repliea befure
the peunse, I ran over 1 the replicn nring the
pantse, no credit was given until follswing ensned,

D Despite the resirietive nature and rigorons
application of the above criteria, some ducklings
achieved what appeared to e a chanee foltowing
score of 1 few secotds during the 20-min expo-
aire period, o ordle ome ehaiee following, wo
duckhling scoring 10 seconds or less was considered
o liave followed the replica.

2, Visual Test. The Visual Test wns earrind
ot in exactly the same way as the Amdinvisual
Test except the maternal replica did not emit o
call as it moved about the apparatus.  Nineteen
Woml ducklings amd 20 Matlard ducklings were
exposed for 20 min 1o visunl testing, and thor
fallowing-respase was scored accarding to the
chove eriterin,

3. cuditery Test, To measure the response of
33 Wood ducklings mud 20 Matbard ducklings to
the maternal eall of their species, certain ehanges
were made in the testing and seoring procedure,
A circular upague black cloth wall was interposed
hetween the dueliling and a m(s\-m;, Tox housing
a speaker, as shown in Figure 2, Under these
conditions, the Juckling was required 1o Sollow
the miternal call emansting from 8 concenled
somned suuree as the sound source moved around
the apparws at the rate previously descriled,
The db fevels of the calls were in the same range
i those in the Auvdiovisual Test.  The eriterin wor
following were the sante as alove except that he
appropriately oriemted and moving duckling was
credited with following when it was within 814
inches to the side or 12 inches 1o the rear of the
'mm aled sovmd souree. s ean be seen in Figure
2, the lhlcklmp could appronch the speaker fromn
oply one side in the Auditory Test, while in the
Audiovisual and Viual Tests they could follow
the replica from either side. To allow cotpari-
son with the Audiovisunl and Visual tests, the
Auditory Test was also 20 min long.

Statistical Analysis, The Chi-Square Test was
used to determine the reliability of differences in
the proportion of birds which followed in each
cowlition,  The Mann-\Whithey U-Test was ap-
plicd to differaices in latency and duratioge of

followine. (time in seconds) between each condi-
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i, 20 Mallared duekling i ~Inmu s Bt fllows o
muvitie nonsvisible sound soarce in the Auditery Tew
(Expetioent 130 A bluck cloth wall {c figerposed he
tueen the duckHope and the sound source,  The white
Tines on the Hoor of the appeitas are tserl as guldes o
determine whetler the duekling s racking the speaher
within the distunce preseribed for aecnmlathug @ fol.
towltg-scare,  The efliprlend white tine dleseribes e
approach area for o stutfonary  \ditory Apprsels Tesy
used dn experinients other than e present wiws,  Chiser-
vattons are deele throvph o farge micror (ot slowng
sudpended above e apparatus,

Taue L Poellowing-respomse of Wod Duckbnge and
Malturds to the audiovisual, swditory, sl visd com-
pestents of their maternal garemt

2 Mingte Vidloming Yeat
Awbiorioial s Ao P Viea
Woal flaks (Ve th
Fudlow s L1 il LUk S LT L
Av. latenty (ner,) F LT BN LTHI T Y8 I T R A 1 Y
Ax, durstfon (uv} HTR ] <0t | 9.4 f s 20
]
Mallands (N w )y
Folbos ) N A brites i
Av, Lateney (nee 4.3 0 1947 .n1 | ML
Av, dutathon (ere.) 4109 RITIVREE LN Y [} iR

Wihishonn! sliatet Lateney £.04) than \Inl'.mln I responoe o Audia component,
N ditference teineen WD aud Mallands in mrnm Wy cuttipitient.
W showed Jonges ditation o ful'm!n (023 1han Mallands te Awii el tume

L,
'm:l' [ nwmt nlhhhlx of Jiffetenian ledneen sdjaeent edlymna, llr-
Ity of diffetrnces betneen Awlbriiual and Vieual rusditioes I reparted in

teat.

FDi¥etemee fud m-unn, reliatide d-av vatange of vatiation. Uulr uut-lr-ll
out ol 19 twer 3ne] they BRlmend Jor |4 nnd
The m:m‘l dnh"m it Adbs otdn wan ST see. with 20 cut of 3 bl
risjumding.

tion and only inchided dists from birds which il
actually acetmmnlated a following score (e, non.
follwvers were excluded from these analyses).”
Resvias

The data recorded for each 'of the three stimu-
lative conditions of Experiment 1 are shown in
Table 1. The Wund ducklings slunved a stronger
response (%6 followed and Inteney) to the auwdi.
tory than to the visual component of their mater-
ml parent, but the Mallard ducklings il no
evinee o stronger response to the visusd compo-
nent of their parent moded relative o the anditory
atie, I fact, the Mallards responeid sq.,mm“mtlr

_ore promptiy to the awlitory component than to
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the vistud ane, with no ditferences fn proportion
which foltowed el ar duration of foblowing cach
ite the bleds which respotuded,

Ducklings of hoth species were ot respun-
sive i the gudiovistal comdition as compared withs
their performanees o the other twe conulitions,
Thie ouly eaception was in the latency of {ollowing
ins the audiovisual s awlitory comditions, in which
Iwnh the Waood doeklings aned Mallards showed o
promprer respotse when exposed to the call with.
out the vissal compovent.  However, once e
response tao the awdiovisual sthndus was initianeld,
the ducklings were able w wack it significanly
more consistently or easily (liratdon of followiug
that the call presented by itsell, o cotmpuaring
the performance of the ducklings in e miwdio.
visual v, the visud coulitions, hoth species re-
spromnded more strongly w the adiovisal stinlus
ot all measures, thowgh some of e dilferences
are of marginal reliabilivy,  Specitieally, more of
e Wood adueklings (p < 00 il Mallards
(f < 001) fodlowed in the atdiovisual conditon,
and they jollowed more promptly (p = 10 awd
£ = 00, respeetively s and with a greiter duras
ton (p == .00 amd p = 005, respectively 1 than in
their respeetive visual comlitions,

I wers of cross compairisust between speecivs
on the three meastires (40 followel, fateney, and
duration), the Weood ducklings bested the Mal-
lards in Bueney of respotise in the awditory condi.
ton, while there were no differences I tween
species in the proportion which followed or dura.
tiem of following in the mnditory condition,  There
were to differences between the Woud duchiling.
ad the Mallasds in the visual coudition--the
Waoad ducklings respotided equally well refative
to the Matlards on ol three measures. 1o the
awdiovisunl cotndition, the Woud ducklings siomved
a longer duration of following thin the Mallards,
et there were no differences betwern sprecics i
the percentuge which followesd or Tneney of {0l-
lowing in the atwdiovisnal conditiom,

Exmmivext 1§

I Experiment 16195 of the Woud ducklings
responded to the maditory camponent amd 1145
to the visual camponent of theit neaternal replica,
The Mallards showed 2 statistivally  snreliahile
differenice (5307 vs 3047 ) in regponse o the audi-
tory and visual comgponents of their waternal
replica, though they showed a much shiorger -
weney of o ponse to the anditory compwment,
Tentatively, it would seem that both species rety
relatively more on suditory than visuad pereepion
in identifying their parent, with the Waod duck-
tisigs showing an even greater relance on mukitery
perception than the Mallards,

SPLUTES RECOGNTTION IN GROUND NESTING B RLEN G bl

Fai, 3 Atadland doekliog following mateenal ealf emi.
watinte from o tonecated moving sotnd source e prefers
enee fo silent vistal nateriad replica in the aswhitory o
viatl clwice st Experishent 11,

To clurify the results of Expecanent 1 the neat
experiment invalved presentation of the appro.
priote meternnl call ol matermd visual peplicn
to ducklings of each greeies in o sindimeos
choice teat. iy this kinedd of test, the Woel duek-
liogs shoatld Svor abe'r maernal @bl over the
visual rephica of sheir parent, and the behavior of
thse Madburd duckling <honld allow a elearer inter-
pretation of their sensary preference,

Metin

The subjects wete 13 Wood duckiings and 20
Mallan] ducklings hatoheld and reared winder the
conditions of isolation described ju Experanens 1,
At 1o to 30 be after futebhing the ducklings were
placed in the apparatus for the visual 225 aditory
choice test as depicted in Figure 30 The starting
positions of the silent visual replica and mon-
visible speaker were at opposite 90° amles from
the point at which the duckling was introduced
intu the apparatus, and the position of the stimuli
wias systemtically rotated at the start of testing
cach duckling to exclude the pussibility of diree-
tisnal bias,

The ducklings were expused individually to the
moving eall and tzoving visual replica of the’r vun
species for 14 win and following thne was seored
according to the previeusty described eriteria.
The speed of movement vl jetases of the stimali
were the same as desenibed in connection with
Fxperiment |,
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Tane 2 Horpomse of Woe) Dicklings gmd Mallards in
ehujce test Ietween tatertial eadl and nedernal visuad
replicu

14 Minuyle
Follawitng Feet

Matesnnl | Maternal
Call Neplicn
Wornd Dueke (N = |b)
Rosponaded ... .. oLl Lo e 5, (1]
Av. datenex imeed, .. L 4.4 -—
Avostreagih {see )., .. ..., . Hh I —~
Malands (Nl
Reapowdend, Lol L0 Lol e 0
Av, Inteney (e ..o L L] -
Mostrenth twe,) . ... L Wi, G l -—

TN didrirmt tainey Wl dwilegs and Malarde s foreesr to ig
tigwetive watrtnal valia,

Risvrs

As e be seen i Table 2, in the similtancous
auditory v visun) choice st ducklings of Dath
species Smvored the call over the visual represen-
tation of their maternat parent,  None of the duek-
linges followe] the visual replica at all wnder these
conditions,  1n addition, there were no differences
letween the Wood ducklings and Mallards in the
i riddence, kateney, of dnrition of response to their
own matennad call. Despite the relatively promyga
response (atenexy o the enll, neither species
accunmilatesd a very high following scure {dura-
teni. This was due to the fact that the ducktings
cither Bagged behind or, whea i close prosimity
to the call, attempted to jutap or climb over the
wall te approach the call, I accordance with
literal spplication of the criteria for accumulation
uf a Jollowing score ( Method section, Eaperinnen
Fro o sore wans given when the ducklings were
jumping or teyving 1o climb the wall even thengh
thiev wete ariented to the call and werthin 12 inches
W tihe Tear or 85 inches 1o the side of the call,
Thongh the juaping and climbing behavior was
exhibited by hanlt species, it wis more pronouneed
in the Woad ducklings.  This lebavior alse oc.
curred in the suditory condition of Eaperimen 1,
bt that test was 20 min long s the binds acemmn-
lated a somewhat longer duration of followiug
than in the present Hemin test,

From the standpoing of the purpose of Baperis
wrewt N, 3t is tapartant to mention that Me Beds
{lunth speciest did not oscillate hetween the eall
and the visnal yeplica as if in a conflict situation,
but temled to stay in the peneral vicinity of the
eall throughout the test.

Exrrrtvnyr Hi

The thind experiment was eonducted 10 deter-

. .
. LaEL B Ct-‘". =4 eabfuer wovdel alionds n rmetd,

Krulogy, Vol 49, 8o, 1

Fra. 4. Mallanl duehbone in Wool duck gesthos {8
pechment 181, Mallard shivklings sere mmable 1o exit
frots a depth of 12 1o 14 inchies (left wnd conter pliotis)
in sospose 1o their maternal eall, bet 3390 made the
ex't when the depth was redioced to 4 100 3 fuelnes (oot
phatad. The senind sonrce b e the Mo, Jeft-hamd por.
top aof the photas, The tege of e avsthon vas el
remved Tor plwographie purpoes.

eal srfice o obinin egress frota o uestlox in
tespottse to s ntatertnl call enanating from a
spreaker outside the nestbox,  This response ten-
deney s well known i \Woal dueklings and s
an essential ability for holenesting speeies, while
it is not requisite in grosnd-nesting birds (eg.,
Mallards),

Within 16 10 30 he after fagehing, 9 \Waad
ducklings md 2 Maltaed duckbings, hatelied aiid
rearesd swder the previonsty deserilied cantditions
of ialation, were placed ina Weoad duck neslox
insfde the experimental apporatus ns shoan in
Figure 4,

The marerad eall of their own sprcies entanited
from a stationary spraker owiside e nesthos
(Fig. ) an the previonsy deserilw O levels and
vaeh duckling was tested iwdividoally,  The test
wits cottinged for five win daring which time n
wias observed whetbier or not the duckling ap.
prared at the exit of the nesthox, 1y one cotnlie
tien, the exit was 12 10 14 inches above the
sawdist liese at the bottem of the nesthox, and in
the other comlition aother group of Matlards was
tested when the internal base wis raiseid to within
1t 5 inches of the exit, The walls on the inside
of the nesthox were lined with burlap to alluw the
ducklings a rm purchase it theie ascent to the
exit, ‘

I statare healthy Wond dicklings acconydish
the exexdus from the nest well within four min
from the time the parent Legins ealling from i~
side (Gonliehs $963). A very sl percentige
of Wood ducklings, presumably weak or sickly
ones, do not emerge from the nest aml they are
feft behind as the parem feads her bromd away
from the neeting site, The Wond dick hen ap.,
parently stuys in the vicinity of the nesthax as
long as she hears voeidizations feony inside the
hox, and the ducklings that are feft hehind. cither
are silem or vocaliee at a very low intemsity,  fn

“eatraet 1o the current experitental conditions, |
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Tamr d Feress of Worsd Ducklings and Matlard Ducks
lings from Woned Duck nestlax i responsae 1 their
tespctive nudernal call
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in nnture the duckiings are exprised 1o their -
teraad call for n 0 10 48 he perind prior to the
exadus, urd they are also stimintated by each wiher
during the exadus, I the prosert ease, the duch-
lings lawl st heen expused te their respeetive
materual calls prior to the test and they were
tested singly rather than in groups.

As shown du Talte 3, when the intersal hase
of the Wond duck nesthax was st thie wsual depth
from the exit {12 to 14 fnchiea ), 8 of the Y Woual
ducklings reached the exit in response 1o their
matersal call within e Semin duration of the
teat, while none of the 18 Mallards appented at
e exit under these conditions,  “The Mallard,
vocalized inftequently after being placed in the
relmively dark nesthon and there was no strikingly
awdible signs of activity from inside the nesthox
when their nutersal ¢all eatne on otside the nest-
hox, At the end of each test, the Hid of the sestlwox
wis gently difted and most of the Mullard duek.
lings were observed to he standing gquictly at the
hase of the box wnd were vriented in the general
divection of the eall, A greater degree of “dis-
tres-" eadling and activity on the part of the Mal.
larsd dlucklings had Jeen anticipated,

When the hase of the nesthox was raised 1o
within 4 to 3 inches of the exit (Table 3), 537
of the Maliard ducklings minle the epress irom
the Dox in response to their maternal aall. The
Maliands' exodes from the modified Woel thak
nesthux was not typical of the Womd duchlings'
exodus from the wmodined box tabove). While
the Wood ducklings perched and paused at the
eait fwole befure jumping to the Hoor betow, the

Mallards wsunlly went directly from the fuside of

the tues o the floos omside, as of they had jmped
ont of the box rather than climled ot of it,

SEFCIES #ECOGNTTION IN GROUNSD NESTING DUCKLENGS 03

Fignee 4 shuaws o Mallard diwckling inside the
Wood duck vesthox used iy the exporiment.

I Dset-satoN

Relutive Tinportanee of cliditory and iswal
Pereeption

The results of Experiments T and 1 fudicate
tat materanl wuditory stimuition plays o paten
roles i Doth speeies as far as attracting the voung
ducklitges t their parent. {u neither espetiment
atied the Mallavds show o sttongor attraction o the
visual as contrasted 10 the atiditury companeat of
their maternal stimulns conhgueation,  The re-
stilts of the amlitay v visual chuice test 1 Eap,
) were especinlly cleprent in this respwt, with
il of the Woml ducklings and Matlaods whiels
respled showing a wimitnons prefetence for
the n fernal call andd wone of the hinds foftesing
the visuad replica of their parent an 2 wnder these
eelitions,

Thus, the hypothesis § Falticine 19533, Klopfer
P that visal stimolition plaxye a0 relamely
more inportant tole than anditury stimutation with
respict to species tesopnition iy gromd-nesting
species of ducklings was tot syggorted by the -
comes of Experients 1 oawd 1L Accondiny
these results, during the early pet-hatching plos.
of ontogeny, auditory stimulation frons the na-
ternal parent wonll appear to e relatively more
important than visual stimudation o bath hole-
nestityg and ground-nesting dueklines. That ihis
is 1 nuiter of relative importance anly is atiested
to by the fact that the comnbined presence of the
amditory sl visual compuntents @ Awdiovisual
Test, Expesiment 1) aas most oflective in in-
Aucing the gremest proportion of birds o fullow,
s owell as inducing the longest duration of fal.
wing, ‘The fact that the latency of foilowing wax
swiftest in both stecies i response (o the eall
presented adone {Aaditory Test, Experinent 1)
is perhaps an indication of the role tha the -
rernal eall pls in the carly phase of species iden-
tification,” Namely, the mareruat call withd seem
10 funetion as the selective part of tie awlioviaal
perceptual mechanism for species-recoghition, as-
suring that the approach aspect of the following-
response will be prompt amd adidressal 1o the hio-
togieally  appropriate ohject. For, as Spalling
(1873) and many athers since his time have
shown, the visual perceptual avstem of vousny
precocial Dirds is relatively nonssprecitic or non-
selective, aud when guided by vismd perception
alune the young bird will approack and faitow a
wide varivey. of objects.  Nuive preferences: do
enist ot hatching in the avian visal perceptual

Csystem, e, vistally aive chicks show preferen... .
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tial approach or ollowing te partieular rates of
visttal flicher ¢ James PO, cottain eolors (Selae-
for aned Hess 19939 Gray P, atd formes ¢ 1less
3y, Haweser, these vistal preferences e
of a rther geneal tatare sl wondd et appent
e e capable of narrowiue ot the batelding's
vespetise exchsively o monbers of its awn e
ciew witheut the partivipation of visual imprinting,
Phas, given the previonsdy demonstrated (Gt
fede Fnfa b selective natttre of the aeditory aspaeey
of the duchling’s awliovisual gereeptual system
ot sprecies tecopnition, visual imprinting can take
phwe g stable contest in el gettertion o
Loth the auditory amd the visuid aspeet of the per.
weptual wystemn for species recogmtion were relae
tively wdifferentined or nenespecitie, the con-
tnaity of e speeies el gebperabon wanddg
Le left entirely o the vicissittndes of mprinting
lwsth sepsory mdakities, which coulid Te a tensous
allfuie in specic s whieh are highty webile sl active
shurtly after butehing,  In this tespeet, o further
wifeguard  agadnat the  canblishieny of  eatra-
sjrvtlic soriad precferesices onthe part of the voing
in evident in the Peking duckbime's (L laas phae
tyriynchost preference i the vocalizatton of 3
sibligge inoa situation where &t could folfuw an
eatra-specific matermal call or the ¢all of o sitding
(Goatlieh 1'%ty Orher experimients in this atter
repart also indicate the importanee of auditory
~efi-amel inter-stimmultion in lchlings for Iacili-
taning, of perhaps even establishing, the peonate’s
preference for the stiternad call of its own apecies.
Highly developed duek fetises can toth voeudize
andd hear prior o hatching (Gottlich 1903¢), and
this prior swdivory self- and irder-stimalaton may
be the omtogenetic iasis Tor the similarity of wn-
sory (auditery over visal) preferences in Wond
ducklings and Mallards,  Punther experimental
amtdysis of the tole of 3 renmtal stinmulative factees
is revuired] for a full welerstieeling of the sensory
preference demonstrated in the present and presas
ous stdies,  Another qureation which is promped
by the present resalts conicerts the selectivity of
amplitory perception in Wl duchs wud Mablands,
It now needs o b determined whether Wenad und
Mallurd duckiings are eguatly selective in their

* The cutierete (act cefeered to Bieee g in the previvas
ventence i that dacklings aml chicks van identiiy the
matetnal call of their own speeies without previous direct
contact with maternad  awlitsy  stimlation  (Gotlieh
103a). Sucls an ability is apparently st present in the
sisual aphere and b maniiestod only afer the pronate
has actually encountered the visund Jhatacteristios of ite
parent.  Hoth abilities requite further atokenctle analy-

--ais to reveal the develounental mechanisy involvel, and

iv woulll be jnadequate simply 1o label mie mnate g the
mber one leaned.  Souwe Initial progress s been te-
T et e cnsbliare gstaeet o thee tenddens 800 el

o).
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suditory response to materiad calls of various
spuctes,

i the comtext of the present resalis, the fuswe-
ity of the hew's vocal ativity {hath spevies) prior
1wl during the exvadis from ilie nest wider
natural conditivas cin be intergreted in s con-
patible ways, (1) Given she yonng's attraction
o the interisal call, e hen's voeal Ielavior can
exerl i control function which hobis the ludediding-
in e nest 1l the exondis, while also serving to
promptly draw the young ou of the nest during
e exindtie, 12) Exposure of the song o the
pattiomlar by ncravies of their own beg's eall
prinr o e exsbus sy establish the lusis for
lividual recognition of the parent which s
Bevs ubiserved to e present ot the tine of the
esendis inmtore (Giotthiel 1963, 3, 0 Alang
Wiy Tie, Ramsay (1951 g0 13) eonchaded from his
eapretitents with several spevies of older duck-
Bogs: L L anditory cues predominate in iwli-
vidual eecognitbn of the parent atud | L, recog-
uition hased onosueh cues s niore exact than thit
Wased ant furm, color, or sice” From the con-
partive poitt of view, it i interesting it
Ttz (19037 reached o similar conclusion from
hin tiehd stidies of coue gaillennts (Uria calye ),
while Fischer (190 found some support fur
Kimsay's contention in an experimental staudy of
tomestie chichs, .

Climbing Tendency in ool Dacklings and Mul-
tards it Respunse ta Their Maternal Call

The restilts of Experiment 111 indicate thnt the
Mallands do uor wanifest the climbing ability of
Winnd ducklisngs in oltaining egress from g neste
fox in response to their nutersd call. Pven when
the intermal e of the nestbox was rised to
within 4 to 5 inches of the esit, only 5390 of the
Mallazds obtuined epress ftom the nest.

Theretore, thongh difer  « in nestesite eenls
oy were pot related 10 e _gree of dependence
on sitteditory and visual pereeption in these speecies,
stich ecodogical dilfercirces were relmed 1w Siffer-
euces in motorie wendeney  {elimbime ability ) ap-
proprinte to the speciesaypival nesting site, T,
the most fmportant bebiavioral ditference in the
provmds mnd hole-nestisge species of  daeklings
tested was the manifest ability of the hole-nes.er
in climbing a vertieal surfave in response o thicir
materna) call amd the relative absence or weakiness
of this tendeney in the grownd-nesting dusklings.

NUMMARY

CThe current experiments were ailnsd at assess-
ing the relitive importance of species-iypical -
teruad auditory wrd viswal stimubation in the de.

L] ‘ 1l
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postuatal phase in Woud ducklings (fiolesnesters)
ad Mullard ducklings (gronndenesters). 1 ad-
dition, the tendeney of these 2 species to climb o
verticn] surfiace in response to their respeciive
matertal calls was examined,

The experimental findings jndicated that ma-
teral awditory stimulation plays o more potent
role than wanternal visual stimulation in attencting
dueklings of both species to their parent. How-
ever, the call and the visunl replica of the parent
preseited together induced the strongest foflow-
ing-response in both species, so the maternal eall
caty enly be consideved relitively more fimportant
than the visual characieristies of the parent. Ves
corditye to previaus research, the respotise ta visal
stimutation is eelatively non-specifie in miive duck-
times amd chicks while the response 1o the materna)
call is highly selective in both groups.  Therefore,
the maternal eall would scem to function as the
selective part of the amdiovisual pereeptual mecha.
nism for spwcies-recopnition, ussuring that the
approach aspeet of the following-respotiae will Le
hoth ¢1y prompt and (2) addressed o the hio-
logically appropriste vbjeet.  In this way, visual
imprinting e ke place in a stable cuntext in
vach generation, which would not be the ewe if
both the anditory aned the visual aspect of the per-
ceptial aystem for specivs recognition were refi-
tively undifferentinted. A

The similarity in setsory preferences (anlitary
over visual) in Wood ducklivgs and Mallards may
stemy fremit s simvilay presatal sensory backgrowd.,
Phuring the vormal course of jncubation in the
field or laboratory, the birds are exposed 1o their
owtt seli-prothced voctiznions both before and
after hitching, and it has been previously demon-
strated (Gottlich 19606) that this exposare pro-
motes suliseguent responsiventess to the maternal
vifl.  This aspeet of the problem reguires further
antogenctic (prematal) analysis.  Another gies-
o which regatires study is whether Wood andd
Mallard ducklings are equally selective in their
auditory response,

The main belavioral differetwe letween the
Woud olucklings and  Mallards tested was the
manifest ubility of the hole-nesting Wood duck-
lings to climl o vertical surfice in response o

SPECIES RECOUGNITION IN GROUND NESTING BUCKLINGS 93

their miaternal eall and the rebative absepce or
wenkneas of this temdeney in the ground-nesting
Mallard ducklings. “Thercfore, though differciices
i testsite ceology were not rebited te the degree
of depedence on auditory aud visual perception
it these sprecies, such ecolopical differences were
related to dilferences in motoric tendency (clitnh -
it ability ) upproprinte to the speciessypicis neste
fng site,
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DIFFERENCES IN INSECT ABUNDANCE AND DIVERSITY BETWEEN WETTER
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Jthetract. Dunng the dry season in Costa Ricn, sacep samples were taken of forest urders
story hisects In three adjacent habitats of ncreasing molstiesy (Guanacaste Peovitice: Aveas 1
through 111} and in anether habitet uler a much wetter prechpitation 1egime (Limon 1'rove
ince; Area 1V) These samiples were then compared with pespeet to numbers of individuals,
nunmtess of species, size trequencles, weight, developmental sages, species diversity, trophic
lesels, taxonoinie composition and species excliviveness. The atwolute tanbers of spect s ine
creased from Areas 1 throngh 1V the numbers of individuals, frequency of small inwets,
dry woight, individuals per specivs and percent parasitic speeive dnereaserd from Areas §
theagh 1HL The soveral indices of species diversity calenlaiad for the samples only show
partial agrevment in relative values and trends, The data clearly demonstrate that wljacent
tropical commuritiee ean have greatly different inseet components.  The positle effects of
the differences between the inwet communities of Areas 1 1o 1t1 on vertebrate predatars umd
plants are divewswd, When compared with temnperate data on Insect communities tiere are
ielicativnie tlut the four tropical oot itics exasrined have g ek ereater nmler of species

aind possibly a greater internal uniquences than similar temperaly vwattunities.

INTwenectioN

It is common hney e among entomologrists
who have eollected in the Central American tropics
that insect species diversity and compusition, and
ahundanee, vary greatly tetween adjacent habitats
amd cven more so hetween areas of great differ-
enes inthe length ad intensity of the dry season,
Tlis paper is o disenssion of such differences be-
tween four different habitats during the sley seasan
m lowhnd Coda Riea, While it s generally
acknowledged that a dry season s characteristic
of most truvieal areas (Allee 1926, Allee and Tor-
vck 1927, Baker and Harrisson 1936, Dobzhan-
«ky 1930, Richards 1932, Holtum 1933, Fosbery,
Garnivr and Kuchler §%:13, vietially sothing has
been recorded about the intluence of a dry season
ot natural epigacie insect communities in the New
Warld tropics, nor are observations availane on
the differences Letween the inseel commumitics of
adjacent babitats (see Deck 1964, Williams 1941,
oud Rappaport amd Najt 1963 for o discussion of
anl faws),  Stidies in the Ol World tropies
have Leen more specifie, dealing with the effects of
fire tHocking 19G4) or with major pests (e,
mosquite control, Giglinhi 1963, and anti-loenst
studies) or have been very general (Owen 1906),
Studics of the effect of the dry season on jmli-
vedual insect taxn in the New World tropics mie
wulely seattered. The use of Panumanian forest
TR e tant e Ve (2] fenie the lanastimnnt nl - nan

mology, The University of Karsas, Tawr(ace,

plant inflorescences by Drosophile as lavval sub-
strutes ¢ arly shows the negative effect of the
dry sca-un on population density ( Pipkin, Rodri.
cu ¢ and Leon 1900). A negative eficel of the
rainy season on tiger beetles (Cleindelidae) can
b inferrad from the study of Witle aud Michiener
C162). The many changes in colony activity and
disweibution of obligate acaciu-ams (Fseudomyr-
mexr spp.) during the dey season in Central
Ameriea are discussed by Janzen (1906a, 1966c).
Sexttal btonds occur soon after the onset of the dry
seison in some species of army ants (Brown and
Schneirla 1950, mied inchuded references),  Asso-
ciations of flowering activity with the dry season
aml Jarge bee popilations have heen examine), bl
virtually no hard data on relative bee densities
throughout the year are available ( Janzen 1990 ).
Bates (143) has recorded a negative effect of
the dry season on the abumdance of seme adult
mosiuitoes in Colombin,  Dobzhansky mnl Pavan
(1950) document changes, at times appearing to
e associated with the dry season, in the frequency
of seme Drosaphila species in Brazil, However,
none of the studies cited above provides detailed
information on the effect of the dry season on a
major part of the insect community of a particular
tiabitat,

“This study examines the dry season differences
Iwtween a dry hillside forest (Area 1), an inter-

-mediate area.{Area 11}, and the adjacear river-

bottom forest 1ARa L) the lowhids near



